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INTRODUCTION
The Vela pulsar has a long history of γ-ray observations dating back to the point source discovery and pulsed detection with SAS-2 (Thompson et al.1974 and Thompson et al.1975, respectively) . Phase-resolved spectral results followed using data from COS-B (Grenier et al. 1988) and EGRET (Kanbach et al.1994 and Fierro et al.1998 ) suggesting significant variation of the spectrum across the pulse, with the hardest emission observed between the two main γ-ray peaks.
With the advent of the Fermi Gammaray Space Telescope (Fermi ), it is now eConf C091122 possible to study the γ-ray emission from the Vela pulsar in unprecedented detail. The main instrument aboard Fermi is the Large Area Telescope (LAT) (Atwood et al. 2009 ). Using early calibration data (Abdo et al. 2009a) and ∼2 months of survey data the LAT produced the highest resolution high-energy (HE, ≥ 0.1 GeV) light curve of the Vela pulsar to date, identified a third peak which moves with increasing energy, and ruled out low-altitude magnetospheric emission models (Abdo et al. 2009b) . With 11 months of survey data it is now possible to perform the finest phaseresolved study of the Vela pulsar to date by fitting the spectrum in 101 variable-width bins across the pulse.
OBSERVATIONS

Timing
LAT data was used to construct a timing solution for the Vela pulsar with 63 µs residuals using techniques described in Ray et al. (2009) . The γ-ray timing solution * was phase aligned with data from the Parkes Radio Telescope (Manchester 2008) .
Data Selection
LAT event data from 4 August 2008 to 4 July 2009 with reconstructed energies from 0.02 to 100 GeV and belonging to the "Diffuse" class (Atwood et al. 2009 ), as defined under the P6 V3 instrument response functions, were selected from within 15
• of the radio position. Time periods * The timing solution will be made available through the Fermi Science Support Center http://fermi.gsfc.nasa.gov/ssc/data/access/lat/ephems/ when the limb of the Earth infringed upon the region of interest and when the rocking angle of the LAT exceeded 43
• were excluded to reduce background. Events were phase-folded using the Fermi plug-in now provided with the TEMPO2 † software (Hobbs et al. 2006 ). The resulting γ-ray light curve is shown in Figure 1 , a detailed analysis of the light curve can be found in Abdo et al. (2009c) .
SPECTRAL ANALYSIS
Phase-Averaged
Events with energies ≥ 0.1 GeV were used for spectral analysis. The Fermi Science Tools ‡ (STs) v9r15p2 were used to perform a binned maximum likelihood analysis (Cash 1979 and Mattox et al. 1996 ) modeling all point sources found above the background with a test statistic ≥ 25 in a preliminary version of the 1FGL catalog (Abdo et al. 2009d) ; an extended source at the position of the Vela X pulsar wind nebula (PWN) (Abdo et al. 2009e) ; and the v02 diffuse backgrounds, included with the Fermi STs. The phase-averaged spectrum, Figure 2 , is best fit as an exponentially cutoff power law, Equation 1, with the b parameter < 1:
likely due to the superposition of many spectral components with b ≡ 1 and varying values of E C and Γ through the pulse. The best-fit spectral parameters are given in Table 1 . † http://tempo2.sourceforge.net/ ‡ http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/ overview.html • ,1.6
• − 3 * log 10 (E/1 GeV)] of the radio position, each bin has 750 counts.
Phase-Resolved
The light curve was divided into 101 variable-width bins with 1500 events each (≥ 0.1 GeV) using the energy-dependent angular selection described in the caption of Figure 1 . The smallest bin has a width of 0.0016 in phase (∼ 142 µs). The spectrum of the Vela pulsar was fit assuming a simple exponentially cutoff power law, b ≡ 1, in each phase bin. Normalizations of the diffuse backgrounds and point sources within 5
• of the pulsar were also kept free. The observed phase trends in Γ and E C are shown in Figures 3 and 4 , respectively.
Significant variation is seen in both parameters, confirming that the hardest emission is between the two peaks. E C rises sharply through the main peaks and, suprisingly, between the peaks as well, following the position of the third peak observed at higher energies. Phase-resolved analyses of EGRET data suggested a drastic change in Γ through the two main peaks; however, the LAT data does not confirm this, instead finding Γ to be very consistent with a constant value through both peaks.
To evaluate the significance of the features in Figures 3 and 4 , the pulsar and surrounding region were simulated using the Fermi ST gtobssim and the builtin PulsarSpectrum (Razzano et al. 2009 ). The LAT-only timing parameters and spectral parameters from a phase-averaged fit with b ≡ 1 were used as input to the simulation. The Vela X PWN was included as a point source. The simulation suggests that point-to-point variations of 0.6 GeV in E C and 0.05 in Γ should be expected from the fitting technique. As such, pointto-point variations less than these values can not be considered significant. To better evaluate the behavior of E C in the two main peaks the fit was repeated but with Γ fixed to the best-fit values of 1.72 ± 0.01 and 1.58 ± 0.01 for the first and second peaks, respectively. The resulting trends in E C are shown in Figures 5 and 6 for the first and second peaks, respectively. E C rises fairly smoothly in both peaks with 
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Discussion
The HE γ-ray emission from pulsars has been theorized to be curvature radiation (CR) from electrons (or positrons) accelerated along the magnetic field lines by the parallel component of the electric field (E ) (Romani 1996 and Hi- rotani & Shibata 1999). The electrons will be CR reaction limited such that a steady-state Lorentz factor is maintained. In outer-magnetospheric emission models (e.g. Muslimov & Harding 2004, slot gap (SG); Zhang et al. 2004; and Hirotani 2008, outer gap (OG) ) E depends on the value of the magnetic field at the light cylinder and the gap width. These models give similar cutoff energies, Equation 2 (units of mc 2 ), ranging from 1 to 5 GeV, consistent with what is observed in Vela and other γ-ray pulsars.
Interestingly, the cutoff energy (E CR ) depends on the local field line radius of curvature (ρ c ). Emission across the pulse originates from different ranges of emission radii (Romani 1996 and Cheng et al. 2000 (OG) and two-pole caustic (TPC) Dyks & Rudak 2003) , implying that phase-resolved spectroscopy should map out the emission altitude. Large variations of ρ c with phase are also expected in these models and mapping the minimum ρ c , using basic geometric models, can produce trends similar to what is seen in Figure 4 , but full radiation models will be needed to match all of the features. As the LAT continues to accumulate more events from Vela it will be possible to map the HE γ-ray emission regions in more detail and better understand the radiative processes involved. The Parkes radio telescope is part of the Australia Telescope which is funded by the Commonwealth Government for operation as a National Facility managed by CSIRO. We thank our colleagues for their assistance with the radio timing observations.
